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Abstract. Massive stars are key ingredients in the evolution of the Universe. Yet,
important uncertainties and limits persist in our understanding of these objects, even in
their early phases, limiting their application as tools to interpret the Universe. Here we
review some of these open questions and argue that large samples are needed to answer
them, both in the Milky Way and nearby galaxies. Multiobject spectroscopy plays a
crucial role in this process.
1. Introduction
By definition, massive stars end their lives with one of the most energetic phenomena in
the Universe: a Supernova (SN) explosion (and presumibly, long-duration Gamma Ray
Bursts sometimes). But massive stars are also related to other mighty phenomena along
their whole life. They are extremely luminous objects that make their surroundings
shine thanks to their intense UV fields, injecting huge amounts of mechanical energy
through powerful stellar winds present from the early phases to the Red Supergiant
(RSG) and Wolf-Rayet (WR) ones, including extreme stages with outbursts and erup-
tions, like Luminous Blue Variables (LBV). The matter yielded to the environment is
often contaminated with nuclear processed material mixed from the inner layers, in-
creasing the Helium and metals abundances in the Universe.
Massive stars have been proposed to be agents of the reionization of the Universe
(e.g., Robertson et al. 2010). They have left their chemical footprint in early epoch
stars (Aoki et al. 2014), opening a way to study the first moments of our Galaxy and
are main sources behind the Star Formation Rate diagnostics (SFR, Kennicutt & Evans
2012). These diagnostics indicate that the peak of SFR in the Universe happened at
about a redshift z≈ 2-3 (Bouwens et al. 2012). At that time, however, the properties
of the Universe can be quite variable. Metallicity, for example, ranges from somewhat
above solar down to about 10−3 Z⊙ in different objects (Cucchiara et al. 2015). Many
objects have metallicities between 1.0 Z⊙ and 0.1 Z⊙, even at z≈5.
It is well known that the main parameter determining the structure and evolution of
a star is its mass. A second parameter is its chemical composition, often parametrized
through its metallicity. Besides, mass-loss rate and angular momentum play an impor-
tant role for massive stars (not so much for intermediate and low mass stars). Together,
they determine the emergent flux that illuminates the material around, indirectly re-
vealing in many cases the presence of the massive star. The combination of all these
1
2 A. Herrero
parameters determines the evolution of the star. Different scenarios have been proposed
for the evolution of massive stars (Langer 2012; Groh, Meynet & Ekström 2013), with-
out having still reached a global consensus.
In the next sections, we review the status of our knowledge about the parameters
determining the stellar evolution (mass, mass-loss rate and rotation at different metal-
licities) and the impact on their surroundings (emergent fluxes, or, as a proxy, the stellar
effective temperature, Teff). We pay particular attention to the early stages, on or close
to the Main Sequence, that we might naively think to be well known. We must also
remark here the emergent phenomena that are getting increasing attention in the com-
munity: multiplicity, magnetic fields, atmospheric motions and stellar variability. They
are not specifically treated here, but they are mentioned when appropiated.
2. The stellar mass
Figer (2005) determined in his study of the Arches cluster that the upper mass limit, the
highest mass a star reaches in Nature, is about 150 M⊙. This number resulted from the
study of the Present-Day Mass Function in the cluster, indicating that, if more massive
stars were present, we should see the corresponding traces of previous SNe explosions.
More recently, however, Crowther et al. (2010) found initial masses between 160 and
320 M⊙ for stars a1, a2, a3 and c in the core of R136 in 30 Dor, with a1 being the
record holder. They combined the UV-optical spectroscopic analysis with revised NIR
photometry, and compared with evolutionary tracks they calculated. This means that
the masses of Crowther et al. are model dependent (both from the point of view of
atmosphere and evolutionary models) and subject to calibration issues. The high stellar
density in the region means that binarity is an issue, although authors make a careful
analysis trying to discard this possibility.
Of course, it is much better to use dynamical masses determined from binaries,
particularly if they are eclipsing binaries. In Table 1 we see that the components in
the most massive binaries known have masses slightly in excess of 100 M⊙. However,
these are present masses, and it is possible that the initial masses of these stars were
higher. Very recently, Sana et al. (2013) have determined that the total present mass
of the binary R144 in 30 Doradus is 200-300 M⊙, estimating that the initial mass of
the system could be as high as 400 M⊙, which would mean that at least one of the
components should have reached 200 M⊙ at birth. We see that with these data the
spectral type of the most massive stars is in the range WNh7-WNh5, while the mass
range covers from 116 M⊙ to some close to or even above 200 M⊙.
However, most of the stars have to be analyzed as individual objects. Their masses
have been obtained from two main techniques: (a) placing them in the Hertzsprung-
Russell Diagram (HRD) and comparing with predictions of evolutionary tracks (the
so-called evolutionary masses); and (b) by determining their stellar parameters from
the spectra using model atmospheres and obtaining their radii and masses (spectro-
scopic masses). Although both techniques should give the comsistent masses, Herrero
et al. (1992) showed that there is a systematic discrepancy between both (the mass
discrepancy). Since then both, atmosphere and evolutionary models, have improved
(particularly, with line-blanketing in model atmopsheres and rotational mixing in evo-
lutionary ones). There have even been claims that the problem was solved thanks to
these improvements (Weidner & Vink 2010), at least within errors. However, the lit-
erature is plaged with examples of the mass discrepancy. Discrepancies are found in
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all galaxies with accurate determinations of stellar parameters (Milky Way, LMC and
SMC) and using different models. Recent examples are the works by Martins et al.
(2012) and Mahy et al. (2015). The first authors found spectroscopic masses that are
lower than evolutionary ones for M≤ 25M⊙, and the latter find the same plus higher
spectroscopic than evolutionary masses for M≥ 40M⊙. This behaviour resembles that
found by Repolust et al. (2004), Mokiem et al. (2007a) and Mokiem et al. (2006) in
the Milky Way, the LMC and the SMC. On the other hand, Morrell et al. (2014) found
a systematic difference in three 30 Dor eclipsing binaries between the dynamical and
evolutionary masses, although individual differences were within the errors.
Thus we may conclude that the mass discrepancy is still controversial and remains
as a problem, but at a milder scale (20-50%) than when it was first detected.
Table 1. Most massive binaries known. R144 in 30 Dor (Sana et al. 2013) could
be even more massive (see text)
System Spectral Types Mass (M⊙) Comments References
NGC 3603-A1 WN6h+O 116±31 Schnurr et al. (2008)
89±16
R 145 WN6h+O 116±33 Minimum masses Schnurr et al. (2009)
48±20
WR21a WN+O 87 Gamen et al. (2007)
87
WR20a WNh6+WNh6 82.7 Rauw et al. (2005)
81.9
3. The effective temperature scale
The Teff scale of O-type stars is used as a proxy for the emergent stellar fluxes, that
determine the energy reemitted by the surroundings (either dust heated by these fluxes
or emission from surrounding nebulosities). The scale has important implications for
bolometric corrections, luminosities and ionizing fluxes, and is especially interesting
for applications in star forming regions of galaxies. Martins et al. (2005) presented a
temperature scale for O-stars in our Galaxy that has been extensively used as a refer-
ence. They collected data from the literature that were obtained in comparable ways
and used state-of-the-art model atmospheres to present the temperature scale for O3-
O9 stars in the Milky Way. Their temperature scale lowered previous scales by several
thousand Kelvin, having a significant impact on all other physical magnitudes.
The temperature scale of O-stars has been extended to the Magellanic Clouds by
Mokiem et al. (2006, 2007a) and Massey et al. (2009) (see also references therein).
These authors find that, globally, the temperature scale in these galaxies is higher than
in the Milky Way. A consistent result was obtained by Garcia & Herrero (2013) in
IC 1613, where they found an even hotter scale as expected for lower metallicities (but
see next section). All these temperature scales are based on the He ionization balance,
which does not suffices for the hottest objects. More recently Rivero González et al.
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(2012b) determined also the temperature scale for O-stars in the LMC, using the ioniza-
tion balance of N, which allowed them to analyze earlier stars, in which the He i lines
were absent or very weak. They found agreement with previous temperature scales, but
noted that for the earliest types a higher slope was needed (i.e., a more rapid increase
of the temperature versus spectral type). Sabín-Sanjulián et al. (2014) in their analysis
of 30Dor stars in the VLT-FLAMES Tarantula Survey (VFTS) could not confirm (nor
deny) this behaviour for O4-O2 types, as most of their earliest types were shown to
be composite spectra. The comparison with the work of Bestenlehner et al. (2014) in
30 Dor is less straightforward because of differences in the analysis methodology, but
the global behaviour is similar. Finally, we may cite the very recent work by Camacho
et al. (2015) in the even lower-Z galaxy Sextans A. The large uncertainties in stellar
parameters imposed by the faint spectra however precludes any firm conclusion.
The temperature scale of B-supergiants in the Milky Way and the LMC has been
determined by Markova & Puls (2008) and Trundle et al. (2007). Their scales fit well
with those from the previous authors.
We shall point here to the effects of small number statistics presented by Simón-
Díaz et al. (2014). These authors have shown that the scatter in effective temperature at
a given spectral type and luminosity class (thus, for exactly the same spectral classifica-
tion) can be larger than the involved uncertainties. The reason is the discrete character
of the spectral classification scheme combined with the change of stellar parameters
during evolution, that compensate each other to produce the same ionization degree.
For example, an O7V star of Galactic metallicity may have a Teff between 36.0 and
38.5 kK and a gravity between 3.60 and 4.10 dex (note that they are correlated). The
same ionization ratio for He can be produced with different combinations of Teff and
logg. This way, the slope for the Galactic temperature scale may vary depending on the
specific stars chosen. Moreover, the the conclusions when comparing the slope of the
temperature scale in two galaxies may be different for different samples. Simón-Díaz
et al. (2014) show two examples for the comparison of Galactic and SMC scales for
the O-dwarfs in the Large Magellanic Cloud extracted from Monte-Carlo simulations.
In the first one, the temperature scale in the LMC is clearly hotter than in the Milky
Way; in the second one, both are similar (see their Fig. 3). Therefore we must realize
that the comparison of results between different galaxies is subject to these effects of
low number statistics. This is more certain for galaxies beyond the Magellanic Clouds,
where the data are really scarce.
We conclude that the Teff scale of O-stars is lower than 10 years ago, that shows
a slight increase (heating) with decreasing metallicity and that the different sources
agree with each other within uncertainties. We may also conclude that the data for
B supergiants agree reasonably well with those of O-stars. In the warning corner we
shall include the fact that only two atmosphere codes have been used (FASTWIND and
CMFGEN, see Santolaya-Rey et al. (1997); Puls et al. (2005); Hillier & Miller (1998)),
with similar physical processes, and that the small number statistics may play a role for
the limited samples available.
At the other side of the HRD, the effective temperature scale of Red Supergiants
has also been subject to attention in the last years. Levesque et al. (2006) analyzed
RSGs fitting TiO bands to updated MARCS models (Gustafsson et al. 2003) and found
hotter temperatures than previous analyses. This was good news, as it solved a consis-
tency problem between the stellar temperatures previously determined from spectra and
the evolutionary models. Moreover, recent analyses by Meynet et al. (2015) indicate
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that the radii derived from Levesque et al. agree well with evolutionary calculations at
relatively low luminosities (log L/L⊙ < 5.0) and with interferometric measurements at
higher luminosity (but now departing from evolutionary predictions). However, Davies
et al. (2013) fitting the Spectral Energy Distributions and using the Far Infrared Method
obtain even higher temperatures than Massey et al. The discrepancy between both re-
sults can be attributed to the formation of TiO bands in upper layers, where opacity,
structure and 3D effects are expected to be large. Of course, this raises again a problem
with the evolutionary models, although Davies et al. indicate that the position of the Teff
limit in RSGs (i.e., the coolest Teff RSGs can reach) depends strongly on the adopted
overshooting parameter and is thus very unceratin. On the other hand, the results by
Davies et al. (see their Section 5.5.3.) may help solving the question of the lack of
high-mass SN progenitors from RSGs (Smartt et al. 2009) (see next Section).
4. The mass-loss
Mass-loss in massive stars was recognized as an ubiquotous phenomenon after the
launch of an UV spectrograph on board of an Aerobee rocket. Morton (1967) ob-
served strong UV P-Cygni profiles, indicative of strong mass-loss, in two spectroscop-
ically normal OB supergiants, ζ Ori (O9.5 Ib) and ǫ Ori (B0 Ia). The importance of
massive star winds was soon recognized and the fundamental theoretical frame was de-
veloped by Castor, Abbott & Klein (1975) (with improvements by Pauldrach, Puls &
Kudritzki (1986) and Friend & Abbott (1986)). They showed that stellar winds in hot
stars are driven by the absoprtion of radiation field momentum by metal lines. Soon,
mass-loss was implemented in evolutionary calculations (see Chiosi & Maeder 1986).
The fundamental prediction from the Radiatively Driven Wind (RDW) theory is
a relation between the wind momentum gained by the escaping matter and the stellar
luminosity. This is the so-called Wind Momentum - Luminosity Relationship (WLR,
Kudritzki, Lennon, & Puls (1995)):
logDmom = log( ˙Mv∞R0.5) = ( 1
α′
)logL + const(Z, SpT)
where ˙M is the the stellar mass-loss, v∞ the wind terminal velocity, R and L the stellar
radius and luminosity in solar untis, α′ a parameter that depends on the ratio of strong
to weak lines in the wind acceleration zone (and thus on metallicity) and the constant
at the end of the expression depends on the stellar metallicity and the spectral type.
This relationship has been confirmed for the range of metallicities between the
Milky Way and the Magellanic Clouds by Mokiem et al. (2007b), who obtained ˙M ∝
0.72 ± 0.15 from the analysis of optical spectra. In Fig. 4 of Mokiem et al. we see that
the observed slope of the relationship ( 1
α′
) follows the theoretical expectations (Vink,
de Koter & Lamers 2001) for the Milky Way, the LMC and the SMC, indicating that
the basic physical mechanism is well understood. However, we identify two important
problems in that figure: a vertical shift between the observed and theoretical relation-
ships for all three galaxies and a limiting magnitude, below which the observed winds
are weaker than theoretically expected. This limiting magnitude depends on the galaxy.
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Sometimes, when using UV resonance lines as diagnostics, mass-loss rates are orders
of magnitude lower than predicted. We speak here usually of weak winds1.
Effects of wind clumping may be related to both points. These are density inho-
mogeneities in the wind that produce clumps with a higher density than the rest of the
wind. The main observational diagnostics for mass-loss (and in particular Hα, the one
used by Mokiem et al.) rely on the emission through recombination processes, that de-
pend on ρ2. Therefore a clumped wind treated as a homogeneous one will result in an
overestimation of its density (and thus its mass-loss rate) because < ρ2 > is larger than
< ρ >2. There are presently many evidences for the presence of wind clumping. The
classical description of wind clumping considers small scale optically thin clumps in an
almost void interclump medium. This is the so-called microclumping and it is subject
to the effects on ρ2 we just described. However, clumps may also be optically thick. In
such case we speak of macroclumping, where effects of porosity in spatial or velocity
spaces2 may also play a role. Here, processes depending linearly on ρ (like absorption
in UV resonance lines) are affected and give mass-loss rates lower than actual ones.
The classical diagnostic for mass-loss (the Hα line) is not only affected by clump-
ing, but is also insufficient when trying to determine small mass-loss. Other diagnostics,
like the radio and IR continua, or the Brα line in the L-band are much more sensitive
and help to dissentangle the spatial behaviour of clumping (see Najarro, Hanson &
Puls 2011). Thus, multiwavelength observations are required to analyze mass-loss and
clumping. Mass-loss rates derived from bound-free absorption of X-ray line emission
are particularly robust because they are less affected by clumping effects, whereas theo-
retical predictions (Vink, de Koter & Lamers 2001) overestimate actual mass-loss rates
by a factor 2-3 (a nice discussion can be found in Puls et al. (2015)).
At metallicities beyond those of the Magellanic Clouds we face increasing prob-
lems. First, metals become less abundant, and their spectral signatures weaker; second,
the distance to the interesting stars becomes larger, with two undesired effects: stars
are fainter and crowding increases. Nevertheless, the reward is large, as we can test our
theories at unprecedent low metallicities, approaching conditions in the early Universe.
Following theory, we would expect the winds in Z < ZS MC to be lower than in
the SMC. However, very metal poor Luminous Blue Variable stars with strong opti-
cal P Cygni profiles have been found in the Local Group (Herrero et al. 2010) and
in farther galaxies (e.g. Drissen et al. 2001; Izotov et al. 2011). This not necessar-
ily a problem for the RDW theory, as the mechanism behind the mass-loss in LBVs
is not fully understood. More challenging, Tramper et al. (2014) (following Tramper
et al. (2011)) report 10 stars with wind momenta stronger than predicted in IC 1613,
WLM and NGC 3109, Local Group galaxies with oxygen abundances corresponding to
a metallicity ∼ 1/7 − 1/10 Z⊙. This would indicate a breakdown of the RDW theory
when the metallicity is very low (or alternatively, the emergence of another mechanism
driving more efficiently the wind at very low metallicities, see Lucy (2012)). However,
Tramper et al. results are not confirmed by other researchers. Herrero et al. (2010)
studied an Of star in IC 1613 that could exhibit a strong wind, but Herrero et al. (2012)
showed that the wind acceleration may be anomalous and its strength is reduced to SMC
levels when the actual terminal velocity is used, and not a value scaled from the escape
1A weak wind star should have a wind strength lower than stars of similar spectral class, not just lower
than theoretically predicted; see Walborn (2009)
2Radiation scaping because of low opacity, either due to low density or to frequency shifts
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velocity, as it was done in Herrero et al. (2010), Tramper et al. (2011) and Tramper et al.
(2014). Conclusive work has been presented by Garcia et al. (2014), who obtained UV
spectra of IC 1613 stars and measured their terminal velocities. They presented strong
evidence that the scaling of the terminal and escape velocities shows a large scatter.
Moreover, they show that he UV spectra of IC 1613 stars display spectral signatures in
the UV that indicate at least an SMC-like iron abundance. This is in agreement with
spectral analyses of M supergiant stars by Tautvaišiene˙ et al. (2007). Also, Hosek al.
(2014) have shown a similar effect in NGC 3109. Finally, recent work by Bouret et
al. (2015) also shows smaller wind momenta for IC 1613 stars than those obtained by
Tramper et al., together with evidences in favour of an SMC-like iron abundance in
this galaxy. Thus, Tramper et al. results may be explained by a combination of over-
estimated terminal velocities and an assumed metallicty derived from oxygen together
with the assumption of a solar α/Fe ratio (whereas the analyzed galaxies seem to have
a subsolar α/Fe ratio). Nevertheless, we must remember that we are in the realm of low
number statistics: the number of analyzed objects is still worringly small. And uncer-
tainties are large because of the difficulties mentioned in the above paragraph. More
analyses of objects in low metallicity galaxies are needed, particularly in galaxies with
independent evidence of a solar α/Fe ratio.
Mass-loss rates are poorly known for RSGs and usually empirical, highly uncertain
formulae are used (see Smith 2014). However, mass-loss rate during this phase has a
strong impact on the subsequent evolution. Meynet et al. (2015) have shown that mass-
loss during this phase determines the presence or absence of blue loops. Although
this mass-loss should be much larger than presently assumed, its effects could explain
the lack of massive progenitors of core collapse SNe. Smartt et al. (2009), comparing
observations to standard evolutionary calculations, conclude that the initial masses of
post-RSG core collapse SNe progenitors range between 81.0
−1.5 and 16.5±1.5 M⊙, clearly
below the expected value of 25 M⊙. With enhanced mass-loss rates, the initial masses
obtained for RSGs exploding as SNe would be higher, thus reconciling observations
and models (see also the end of next section). Alternatively, may be that stars more
massive than about 20 M⊙ suffer a dark core collapse, i.e., form directly a black hole
without SN explosion (or with a very faint event, see Smartt et al. (2009)).
5. Rotation
Angular momentum is the physical magnitude that determines the structure and evolu-
tion of stars, besides mass and mass-loss. The special interest on rotation in massive
stars was innitiated because of the evidences for mixing processes acting in the stellar
interior. These evidences, known for more than twenty years, rely on abundance anoma-
lies in some stars, mainly (but not only) enhanced He abundances and CNO abundances
that reflect the effects of the nuclear reactions in the CNO cycle (see Maeder & Meynet
2000, and references therein). Recent works confirm these evidences in stars in the
Milky Way (f.e., Martins et al. 2012, 2015) and the Magellanic Clouds (Mokiem et al.
(2006), Rivero González et al. (2012a)). Theoretical models with induced rotational
mixing have been proposed to explain the observed abundance patterns (see Langer
(2012); Maeder & Meynet (2000)). In these models, rotation mixes material from the
interior towards the surface, thus reproducing the enhancements of He and the CNO
patterns observed at the surface. The efficiency of the process increases with stellar
mass and with rotational rate: the higher the mass and the faster the rotation, the earlier
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and more intense will be the contamination by CNO products. A significant initial rota-
tional velocity is needed to start the mixing, and if it is high enough, evolution proceeds
homogeneously: the star has a constant abundance profile and it evolves towards the
left from the Zero Age Main Sequence. Of course, the effect may be time dependent.
As the star evolves, it losses mass and angular momentum while expanding and the
rotational speed decreases (at least at the surface, but note that the important factor is
the angular momentum in the interior; rigid body rotation or a given angular velocity
profile with depth link the angular momenta at the surface and in the interior).
The difficulties of the rotational mixing began with the work presented by Hunter
et al. (2008). These authors represented the N abundance versus the projected rota-
tional velocity for 135 early B-stars in the LMC. They found that although many stars
followed the expected correlation between vsini and N enhancement, there were at least
two groups in the diagram that could not be explained by rotational mixing: group 1
contained stars with large rotation and low or no N enhancement; group 2 contained
young (high gravity) stars with low rotational velocities and large N enhancements.
The number of stars in both groups makes highly improbable that they are due to pro-
jection or low-number statistics effects.
A promising alternative scenario for the mixing processes is the evolution in bi-
nary (or multiple) systems (for a description of the effects of binarity, see the review by
A. de Koter in these proceedings). We will only indicate here that group 1 could for
example be explained by systems in which a more massive companion tranfers mass
and angular momentum to the gainer, that is thus accelerated. If the acceleration has
happened recently, the rotational mixing has not had time to act. Group 2 could be
explained by systems in which the mass transferred was already N rich (because of a
strong stellar wind, or because of rotational mixing in the primary). Alternatively (or
complementarily) magnetic fields, either fossile or generated during the binary inter-
action, may brake down the star, although the presence of magnetic fields in massive
O-stars seems to be modest (around 8%, see Wade et al. (2014), Fossati et al. (2015)).
The large parameter space of massive binary systems allows also other possibilities, in-
cluding SN explosions (that could result in a fast rotating runaway, after the secondary
suffers a kick) and stellar merges (resulting in fast rotating, rejuvenated single stars).
In a very recent work, Martins et al. (2015) compare the CNO abundances from
their analyses of 74 stars with the predictions of rotating Geneva evolutionary tracks,
concluding that 80% of the objects can be explained by rotational mixing. However,
we shall note that the main observational fact is the presence at the surface of material
that has been processed by the CNO cycle, without an easy way to separate the different
scenarios. Thus we conclude that nuclear processed material is brought to the surface
of early massive stars, but the exact process responsible for it is not clearly identified
(as all of them will produce a similar pattern) and we have to look for second order dif-
ferences (like correlations between parameters or time scales). While rotational mixing
and binary interaction can probably account qualititively for all cases, other processes
like magnetism and inner instabilities have still to be addressed in a consistent way.
A key parameter in these studies is the rotational velocity. We must emphasize
here that we measure the present, projected rotational velocity, whereas what we would
like to know is the initial, unprojected rotational velocity. Nevertheless, the first con-
tains important information and is what is directly available to the observation. The
most recent extensive determination of rotational velocities of O stars in the Milky Way
has been carried out by Simón-Díaz & Herrero (2014) (see there for a list of other ef-
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forts and a description of techniques). These authors have determined the rotational
velocity of nearly 200 Galactic stars including macroturbulence (see below). They find
a bimodal distribution for vsini (already seen by Conti & Ebbets (1977)). The main
peak lies at 40-60 km−1, although we have to take into account that there is a limit in
the lowest rotational velocity that can be determined, depending on spectral resolution,
S/N ratio and assumed broadening mechanisms (if we neglect some mechanism, its ef-
fect will automatically be assigned to rotation – or the last mechanism we deal with).
This limit will be different for different stars, and runs in the study of Simón-Díaz &
Herrero (2014) from 20 to 40 km s−1. The secondary peak lies at about 300 km s−1 and
could correspond to a population of stars that have been accelerated in the course of
their evolution in a binary system, as suggested by de Mink et al. (2013). In fact, their
relative number in the sample of Simón-Díaz & Herrero (23% of the stars rotate with
projected rotational velocities in excess of 200 km s−1) agrees remarkably well with the
predictions of de Mink et al. (20+5
−10 %). The maximum rotational velocity measured by
Simón-Díaz & Herrero is 430 km s−1.
The global distribution for Galactic O stars presented by Simón-Díaz & Herrero
has the same characteristics as the one presented by Ramírez-Agudelo et al. (2013) in
30 Doradus, only with slightly different values for the main characteristics. The main
peak appears in 30 Dor at 40-80 km s−1 (with a lower spectral resolution, however),
the secondary one appears slightly above 400 km s−1 and the highest velocity is 620
km s−1. We note that although the highest velocities found in the MW and specially
in the the LMC are sufficient to expect homogeneous evolution, there are still no firm
evidences supporting it. Moreover, in spite of the differences found in the numbers by
Simón-Díaz & Herrero (2014) and Ramírez-Agudelo et al. (2013), both distributions
are very similar, although one is a sample of bright, nearby stars belonging to many
regions in the Milky Way and the other is a sample of stars belonging to the same star
forming region in the LMC. These results are consistent with those by other authors,
even in the SMC (see f.e. Mokiem et al. 2006; Penny & Gies 2009).
However, we must be careful when determining rotational velocities, as they are
obtained from the broadening of the spectral lines and these are affected by other broad-
ening mechanisms. Besides the well known mechanisms that we find in textbooks (like
the natural, Doppler or the different collisional broadening mechanisms) spectral lines
in massive O and B stars are affected by a brodening mechanism of still unknown origin.
It is usually called macroturbulence, and it is parametrized in the same way as in cool
stars, with a radial-tangential mechanism, but it has nothing to do with hydrodynamical
turbulence (see Gray 2002; Simón-Díaz & Herrero 2014, and references therein). Still,
it has to be taken into account when deriving the rotational velocity, specially when
this is below 120 km s−1 Simón-Díaz & Herrero (2014). Additional difficulties may be
present when vsini is low (Simón-Díaz & Herrero 2014), particularly when magnetic
fields are present (see Sundqvist et al. 2013).
This extra broadening can be quite informative. It has been proposed that it may
be linked to pulsations (kappa-driven gravity mode pulsations, see Aerts et al. (2009),
Simón-Díaz et al. (2010) and references therein). However, the most recent results in-
dicate that this may not be the solution for many massive stars. Simón-Díaz (2015)
presented the position in the HRD of stars dominated by macroturbulent broadening.
The upper part of the diagram is fully populated with such stars. Moreover, he showed
that the positions of the stars do not completely overlap with the predicted instabil-
ity domains corresponding to high order g-mode pulsations originated by the kappa-
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mechanism and that macroturbulence may be large close to the Zero Age Main Se-
quence, where no instability is expected. Thus this kind of pulsations do not seem to
explain the presence of macroturbulent broadening in high-mass stars, although the
evidence is much more supportive for stars with masses below 20-25 M⊙. Recently,
Grassitelli et al. (2015) propose that turbulent pressure, originated by sub-surface con-
vective layers, may be at the root of this extra broadening and Aerts & Rogers (2015)
conclude that it may be explained by convection-driven internal gravity waves (IGW),
based on 2D simulations (although in a lower, 3 M⊙ model, modified such that it might
represent the IGW spectrum of a 30 M⊙ star). All these works indicate that macrotur-
bulent broadening may be the key for studying the inner zones below the stellar surface.
Rotation may also play an important role in massive star evolution at the other
edge of the HRD. Surface abundances of RSGs are higly sensitive to rotation in that
phase (Meynet et al. 2015). This may help (together with the application of the Ledoux
criterion, see Georgy et al. (2014)) to reconcile the contradictory findings by Saio et al.
(2012) that some blue supergiants have pulsational properties in agreement with post-
RSGs objects, but abundance enhancements that are much smaller than predicted by
evolutionary models. The enhanced mass-loss rates during the RSG phase commented
in the previous section would be responsible for the existence of the blue loops, and the
enhanced rotation would be responsible for the lower abundances. However, we have
to remark that the agreement is by far not complete. The observed abundances of post-
RSG candidates (i.e., B-supergiants having pulsational properties expected for post-
RSG stellar structures) are still clearly smaller than those predicted by the non-standard
evolutionary calculations. And there are still no observational evidences supporting
the presence of two different populations among B-supergiants (as it would be the case
if post-RSG blue loops do exist). Rotation may help to clarify the situation. Post-
RSG B-supergiants should have much lower rotational velocities than their pre-RSG
counterparts. However, this would imply to be able to determine accurate rotational
velocities at very low levels, at or below 5 km s−1.
6. Massive stars and Multi-Object Spectroscopy
The open issues presented above can only be solved using a wide base of stellar data.
Spectra contain the largest amount of information, and thus it is important to construct
spectroscopic databases, with wide wavelength coverage. Multiepoch information is
particularly important, not only to get information about multiplicity and interaction in
binaries, but also to dissentangle the roles of the different physical processes, from mag-
netic fields to atmospheric motions and wind variability. The success of programs like
The FLAMES Survey of Massive Stars (Evans et al. 2005), the VLT-FLAMES Taran-
tula Survey (Evans et al. 2011) or other spectroscopic surveys of OB stars in the Milky
Way like GOSSS (Sota et al. 2011), IACOB (Simón-Díaz et al. 2015) and OWN (Barbá
et al. 2010) or those including the search for magnetic fields like MiMeS (Wade et al.
2014), BinaMIcS (Alecian et al. 2015) and BOB (Morel et al. 2015), shows the great po-
tential of this approach. The large amount of objects required for these databases makes
the use of spectrographs with large multiplexing capabilities unavoidable. WEAVE, the
future multiobject spectrograph for the WHT, has characteristics that will allow us to
explore the population of massive stars in the Milky Way with unprecedent detail, be-
ing able to reach the most luminous stars in nearby galaxies. These data will nicely
complement Gaia, helping to the effort of a detailed map of the Milky Way. Together
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with the suite of multiobject spectrograph already in use in large telescopes (like f.e.,
FLAMES, MUSE and KMOS at VLT, OSIRIS at GTC, DEIMOS and MOSFIRE at
Keck) and foressen for the nearby future (like MEGARA, EMIR and MIRADAS at
GTC) it will provide a large collection of spectra to study the physics of massive stars
and apply it to the study of the entire Universe.
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